Introduction {#Sec1}
============

Defined as 'the comparative analysis of alternative courses of action in terms of both their costs and consequences' \[[@CR1]\], economic evaluations have become an important tool to inform decision makers about both the costs and effects of health care technologies. It is typically recommended to adopt a comprehensive societal perspective in these evaluations \[[@CR1], [@CR2]\]. This implies that all costs and effects should be taken into account, regardless of who experiences them. As several authors have pointed out, this means that both the costs and effects experienced by significant others, such as informal caregivers, should be incorporated in economic evaluations \[[@CR2], [@CR3]\]. Even in jurisdictions where a more restrictive health care perspective is adopted, such as England and Wales, it has been argued that it would be appropriate to at least incorporate health effects in carers in these evaluations \[[@CR4]\].

In recent years, much progress has been made regarding how to value the costs of informal care, even though several controversial issues remain, for example regarding how to measure the time spent on informal care (separating it from time spent on other activities) and how exactly to attach a monetary value to the time inputs by caregivers \[[@CR5], [@CR6]\]. In this paper, we concentrate on measuring the health-related quality-of-life (HRQoL) effects in informal caregivers. Measuring such effects could be used to complement methods that measure and value the costs of informal care (without simultaneously valuing effects) in order to include the full impact of informal care in economic evaluations.

In the literature, a distinction has been made between 'family effects' and 'caregiving effects' \[[@CR3], [@CR7]--[@CR10]\]. The former refers to the effects (on HRQoL, or another outcome measure) of the fact that someone within the caregiver's social environment is ill. These effects are not specifically related to caregiving: they may also exist when no caregiving tasks have to be performed and may therefore occur in a broader group than caregivers only. The latter relates to the effects of performing caregiving tasks. By definition, these effects are only present in informal caregivers. Of note, depending on the context, these two types of effects may both occur in informal caregivers, since caregivers are often family members of patients.

Effects in caregivers can be assessed not only in terms of HRQoL changes but also in terms of burden or well-being \[[@CR8], [@CR9]\]. Indeed, there has been extensive investigation of the objective and subjective burden of informal care \[[@CR11]--[@CR13]\]. Yet, such burden assessments in itself do not comprise a valuation of some type, and therefore, they are not directly useful for economic evaluations. Also, it is likely that the caregivers' general well-being, in a broad sense, may be affected, given that caregiving may involve different implications such as having to perform unpleasant tasks, interruption of daily activities, social isolation, and adverse financial consequences. Methods to measure and value the general well-being effects on caregivers have been developed \[[@CR14], [@CR15]\]. However, the incorporation of such effects in economic evaluations may be difficult for two reasons. First, in jurisdictions where a strict health care perspective is prescribed, effects on well-being may be considered beyond the scope of the analysis. Second, since 'even' in patients usually only effects on HRQoL---which refers to the aspects of quality of life that relate specifically to a person's health---are measured, measuring broader effects in caregivers may be considered inconsistent and may be practically difficult (creating the problem of how to combine two distinct outcome measures) \[[@CR3]\].

Therefore, a first step to include the effects on informal caregivers in economic evaluations may be to measure HRQoL changes as a result of caregiving. It has been documented before that caregiving has health effects for the caregivers, both physically and mentally \[[@CR16]--[@CR18]\]. HRQoL effects may be measured by using instruments similar to the ones used to assess patients' HRQoL and could, in principle, be easily combined with outcomes of patients' HRQoL in economic evaluations. Such HRQoL effects in carers are not only relevant when adopting a societal perspective but also when taking a more narrow health care perspective. Note again that these effects in caregivers may comprise both the caregiving and the family effect (raising the obvious question of whether HRQoL effects in non-caregiving family members should also be measured).

Still, until now, relatively few attempts to measure HRQoL effects in carers within the context of economic evaluations have been reported. To give some examples, Mohide et al. used the time trade-off technique to assess HRQoL of caregivers. The authors found this method, normally used to assess patient's HRQoL, to be feasible, reliable, and valid \[[@CR19]\]. Dixon and colleagues carried out a study into the relationships between patient HRQoL, carer HRQoL, and time spent on caring. They concluded that improving patient HRQoL may reduce the need for carer time and improve carer HRQoL \[[@CR20]\]. Davidson et al. tried to capture the effects of caring for older people by adjusting the carers' QALY weights. They found that caring for a relative had a negative effect on these QALY weights \[[@CR21]\]. Drawing on a theoretical framework for incorporating the effects of patients' health on their family members \[[@CR7]\], Basu et al. applied a time trade-off technique to elicit HRQoL weights of partners of patients with prostate cancer. There appeared to be a significant effect of the patient's health condition on the partner's HRQoL \[[@CR22]\]. Finally, Bobinac et al. studied the effects of caregiving on well-being or HRQoL in a large sample of Dutch caregivers and tried to separate family effects and caregiving effects \[[@CR8], [@CR9]\].

In conclusion, the HRQoL of caregivers is likely to change due to caregiving and family effects, and it is worthwhile to further develop valid and practical methods to measure this change in the context of economic evaluations. With this in mind, we set up a study in a group of informal caregivers consisting of parents of children with major congenital anomalies. Several studies---albeit not within the context of economic evaluations---revealed that parents of children with congenital and/or chronic conditions have a relatively low HRQoL \[[@CR23]--[@CR26]\]. Our study aimed to identify what these parents of children with major congenital anomalies do for their children and what effects caregiving has on their HRQoL and to compare their HRQoL with that of the general population. The underlying aim was to find, in an exploratory way, suitable methods to assess informal caregivers' HRQoL, to be applied in economic evaluations.

Materials and methods {#Sec2}
=====================

Setting {#Sec3}
-------

The study was performed in a population of informal caregivers approached in the context of an economic evaluation of neonatal surgery \[[@CR27], [@CR28]\]. The population comprised parent--caregiver(s) of children that were born with a major congenital anomaly and who had received neonatal surgery in the Sophia Children's Hospital (Rotterdam, The Netherlands). We included the parents of patients that were between 1 and 11 years of age. Parents whose child had died were excluded. Data were collected by means of a postal questionnaire, which included questions on the demographics of the child and his or her parent(s) and on the child's condition. Two copies were enclosed for the parent(s) of each patient and, where relevant, both parents were asked to fill in the questionnaire. From the medical files of the patients, we retrieved information such as underlying diagnosis, operations, and length of stay. Ethical approval by our Institutional Review Board was not required, because the study concerned the collection and analysis of data arising from standard care in our department (the participants not being subjected to any acts or being enforced any behaviors outside the realm of standard care). Informed consent was obtained from all parents.

Children eligible to participate were born with either congenital anorectal malformations (ARM) or congenital diaphragmatic hernia (CDH). The former are complex anomalies (ranging from a slight malposition or stenosis of the anus to the absence of an anal opening in the perineum) with a high incidence of associated urological problems, but the malformations are not life threatening as a rule. The HRQoL of patients with ARM however is a subject of concern \[[@CR29]--[@CR33]\]. CDH consists of a combination of pulmonary hypoplasia, abnormal pulmonary vascular growth, and a defect of the diaphragm that allows abdominal viscera to move up into the chest cavity. Despite the many advances in medical therapy and although better survival rates have been published \[[@CR34], [@CR35]\], the mortality rate in CDH still remains around 20-40%. In the survivors, a variety of symptoms has been reported especially in the first years of life \[[@CR36]--[@CR38]\], but eventually most CDH survivors enjoy healthy lives \[[@CR39]--[@CR41]\]. Thus, ARM is characterized by relatively high morbidity and relatively low mortality, whereas for CDH, the opposite applies. We used this contrast in this study. Generally, caregiving for patients with ARM is expected to take more time and to be more discomforting than that for patients with CDH. Presumably, parents of patients with ARM have to perform heavier and more skilled care tasks (e.g., dealing with a colostomy) for patients with more and longer-lasting physical dysfunction such as incontinence. The relative sizes of family effects are more difficult to predict.

Design {#Sec4}
------

The study was designed to provide different types of information on the informal caregivers' (that is: the parents') HRQoL. As will be explained below, the HRQoL effects in caregivers were investigated in two ways: (1) hypothetical HRQoL effects and (2) real HRQoL effects. Next to this, to get an impression of the objective burden of caregiving, caregiving activities and foregone paid work and unpaid activities were studied.

### Caregiving and foregone activities {#Sec5}

We investigated whether or not it was the parents' impression that their child demanded above-average care and, if so, using an open-ended question, what activities were involved. The parents were questioned about the amount of extra hours spent per week on caregiving compared with other children of the same age. Moreover, we studied whether the parents, in order to provide informal care, had to forgo paid work and unpaid activities (i.e., household work, shopping, odd jobs, club activities and volunteer work, education, and sleep), expressed as number of hours per week.

### HRQoL effects {#Sec6}

Caregivers were first asked to rate their current HRQoL on the EQ-VAS, a 20-cm visual analog scale (similar to a thermometer) ranging from 0 (worst imaginable health state) to 100 (best imaginable health state) \[[@CR42]\]. This provides information on their self-assessed quality of life and can be compared to ratings of the general population \[[@CR43]\]. Second, caregivers were asked to rate their HRQoL again on the assumption that someone would take over their caregiving activities completely and free of charge, so that they will no longer have to spend time on their current caregiving tasks. Third, caregivers were asked to classify their HRQoL on the EQ-5D descriptive system \[[@CR42]\]. This involved responders classifying themselves on five dimensions of HRQoL, which together encompass both physical, psychological, and social HRQoL: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. Each dimension is subdivided into three levels of dysfunction, which correspond to whether a responder has no problems, some or moderate problems, or extreme problems. Accordingly, this 'descriptive system' generates 243 (3^5^) theoretically possible health states. Dolan was the first to publish a value set for all these health states. Health states are then commonly assigned a weight between 1 (perfect health) and 0 (dead), with certain poor health states receiving negative weights (i.e., worse than dead) \[[@CR44]\]. As with the EQ-VAS scores, the EQ-5D scores of informal caregivers can be compared with reference scores \[[@CR43]\]. The minimally important difference---which is the smallest, yet important or meaningful difference or change in a HRQoL score---for both the EQ-VAS and EQ-5D is considered to be roughly around 5% (that is, five points on the 0--100 EQ-VAS scale and 0.05 on the 0--1 EQ-5D scale) \[[@CR45]--[@CR47]\]. Both the EQ-VAS and the EQ-5D descriptive system were developed by the EuroQol Group. More details on both instruments are available through <http://www.euroqol.org>.

In theory, the HRQoL change due to caregiving specifically, excluding 'family effects', can be determined by looking at the difference between the two scores on the EQ-VAS. After all, in the hypothetical scenario in which someone else would take over all caregiving tasks, the family effect is still present, as the patient's health is not assumed to improve. We aimed at deriving the effect of caregiving on HRQoL directly by asking about this hypothetical scenario, but were unsure whether responders could provide a valid assessment of this effect. Therefore, we also used the comparison of the caregivers' scores on the EQ-VAS and the EQ-5D with scores elicited in the general population as validation checks and as a possible alternative way of deriving HRQoL changes in caregivers. These differences with general population scores would relate both to caregiving and to the effect of having an ill child (the family effect).

Statistical analyses {#Sec7}
--------------------

The analyses were stratified by parent (mother/father). Differences between the two scores on the EQ-VAS (i.e., the actual current HRQoL and the HRQoL in the hypothetical scenario) were tested using paired-samples t test. One-way analysis of variance (ANOVA) with Bonferroni post hoc tests (for continuous variables) or chi-square test (for categorical variables) were applied to compare subgroups of parents who claimed that their HRQoL would either increase, decrease, or be the same in the hypothetical scenario in which care tasks would be taken over. We hypothesized that the parents who indicated that their HRQoL would improve in the scenario in which care tasks would be taken over (compared with those indicating that their HRQoL would not differ or would even diminish) were more likely to:Be parents of ARM patients (rather than of CDH patients);Be female;Take care of a young child;Take care of the child alone;Have given up paid work;Report a shortage of time for more unpaid activities;Have a lower monthly gross income;Take care of a child with a relatively low HRQoL according to the symptom score and the EQ-VAS;Have a relatively low HRQoL (as expressed by the EQ-VAS scores and the EQ-5D scores compared to the reference scores).One-sample t test was used to test for differences in means between the parents' EQ-VAS and EQ-ED scores and those of the general population.

In addition, we wondered whether it would be possible to explain differences between the parents' HRQoL and the age- and sex-specific HRQoL scores of the general population. Both the differences on the EQ-VAS and on the EQ-5D were taken as dependent variables in a standard linear regression model. For further explanatory purposes, we selected only those independent variables that were considered most important. Moreover, in order to avoid multicollinearity, predictors of HRQoL that correlated highly with other predictors were not selected. The independent variables were as follows:Congenital anomaly (i.e., ARM or CDH);The child's age;Symptom score of the ARM patients;Symptom score of the CDH patients;Taking care of the child alone or with a partner;(Not) having given up paid work as a particular consequence of the anomaly;Number of unpaid activities the parent can spend less time on (ranging from zero to six);Monthly gross income;The child's HRQoL as assessed by the parent on the EQ-VAS.Adjusted R Square was calculated as a measure of the goodness-of-fit of the model.

Next to that, the following two hypotheses were tested. First, we anticipated that the model would have more exploratory power for female caregivers compared to males, because female caregivers are likely to spend more time on caregiving tasks (and thus more likely to have to give up other activities) and therefore may experience HRQoL problems related to caregiving sooner. Second, it was hypothesized that our model would fit better in the explanation of the differences with the general population on the EQ-VAS than the EQ-5D descriptive system. This is because the EQ-VAS might be expected to be more sensitive to small differences as it comprises a continuous scale rather than three distinct levels of functioning per dimension. The EQ-VAS might also be more responsive to changes in emotional HRQoL, which may be especially affected by caring for a child with health problems.

Results were considered statistically significant if they were below the 0.05 level of probability.

Results {#Sec8}
=======

Characteristics of the study population {#Sec9}
---------------------------------------

Of the 198 patients with ARM, 18 died and 14 could not be traced. We also excluded 1 severely cognitively disabled patient. Thus, the parents of 165 patients were sent questionnaires. The response rate was 72% (*n* = 118). Of the 122 patients with CDH, we had to exclude 45 patients who died and 4 who could not be traced. The parents of the remaining 73 patients were sent questionnaires. Questionnaires were returned by 63% (*n* = 46). Demographic details of the patients (*n* = 164, both diagnostic groups taken together) and their parents (*n* = 306) are listed in Table [1](#Tab1){ref-type="table"}.Table 1Demographic characteristics of the patients and their parentsPatients characteristicsARMCDHNumber11846Mean age (SD)6.1 (3.0)6.0 (3.1)Sex (% female)42%48%Number of parents (%)^a^ 1^b^12 (10%)6 (13%) 2^c^104 (88%)40 (87%)Parents characteristicsFemaleMaleNumber of parents161145Mean age (range)35 (22--48)38 (24--59)Total number of children in household2.22.4Caregiving together with a partner (thus, not alone) (%)89%99%^a^For 2 patients with ARM, we have no data on informal caregiving, as the section of the questionnaires concerning caregiving was skipped^b^When only one parent filled in the questionnaire, mostly (94% of all cases) this was a female^c^When two parents filled in the questionnaires, mostly (99% of all cases) these were a female and a male

Caregiving and forgone activities {#Sec10}
---------------------------------

Concerning the ARM patients, 48% of the mothers and 32% of the fathers had the impression that caregiving for their child required more time than that for other children of similar age. As hypothesized, these percentages are larger than those found in the parents of CDH patients (24 and 13%, respectively). In patients with ARM, the parents' activities consisted of, for example, giving enemas and changing diapers or underwear, while the parents of CDH patients mentioned activities such as administering medication or the provision of oxygen (Table [2](#Tab2){ref-type="table"}). If we only take into consideration the parents that had the impression that caregiving for their child required more time than that for other children, the amount of extra hours spent per week on caregiving was 7 in mothers of ARM patients, 5 h in fathers of ARM patients, and 7 h in both mothers and fathers of CDH patients.Table 2Most frequent caregiving tasks (top five)Parents mentioning this task^a^ (%)*Parents of patients with ARM*Giving enemas/lavage58Changing diapers or underwear/washing child25Supervision/extra attention in general/cheering up20Washing (textiles)18Taking care of the child's stoma15*Parents of patients with CDH*Supervision/extra attention in general/cheering up44Administering medication25Monitoring oxygen need/provision of oxygen25Preparing special meals/helping with eating25Visiting health care providers19^a^Proportion of all parents who reported that the time for taking care of their child was above average

Almost half of the mothers had given up paid work for taking care of their child (Table [3](#Tab3){ref-type="table"}). However, these parents might have given up paid work anyway upon their child's birth, regardless of the congenital anomaly. Indeed, only a small proportion of the mothers indicated that they had given up paid work as a particular consequence of the caregiving associated with the anomaly. In fathers, these percentages were substantially lower. As a result, the net labor participation of all mothers that have a partner and whose youngest child is aged 0--4 years (*n* = 83), for example, was lower than that of their counterparts in the general population \[[@CR48]\] (37% vs. 45%). Note however that the difference was not statistically significant (*P* = 0.16), so that this finding could be due to chance. The parents also indicated whether they had spent less time on unpaid activities than they wished because of the child's anomaly (Table [3](#Tab3){ref-type="table"}). Parents of ARM patients and those of CDH patients appeared not to differ very much. Generally, fathers less often reported a shortage of time.Table 3Forgone Paid Work and Unpaid ActivitiesARM patients' parents (%)CDH patients' parents (%)MothersFathersMothersFathersParents who gave up paid work for taking care of their child462487Parents who gave up paid work for taking care of their child as a consequence of the anomaly12170Parents indicating that they can spend less time on unpaid activities: Household work8373 Shopping7273 Odd jobs81078 Club activities and volunteer work7453 Education5278 Sleep1281411

Health-related quality of life {#Sec11}
------------------------------

### EQ-VAS scores in the real and hypothetical scenarios {#Sec12}

Contrary to our expectations, it emerged that for the majority (76%) of parents, the hypothetical scenario did not produce different HRQoL states from the actual current HRQoL state as indicated on the EQ-VAS. Surprisingly, 9% of all parents indicated that their HRQoL would in fact diminish in the hypothetical scenario (Table [4](#Tab4){ref-type="table"}). Mean EQ-VAS scores for both scenarios are also listed in Table [4](#Tab4){ref-type="table"}. No statistically significant differences were found in these means of both EQ-VAS scores, neither in the four subgroups nor in the entire sample.Table 4EQ-VAS scores in the real and hypothetical scenariosParents of patients with ARM (*n*)Parents of patients with CDH (*n*)All parents (*n*)MothersFathersMothersFathersEQ-VAS~hypothetical~ \> EQ-VAS~real~24% (26)11% (11)13% (6)10% (4)16% (47)EQ-VAS~hypothetical~ = EQ-VAS~real~64% (70)82% (80)84% (38)83% (34)76% (222)EQ-VAS~hypothetical~ \< EQ-VAS~real~13% (14)7% (7)2% (1)7% (3)9% (25)Mean EQ-VAS~hypothetical~74.15 ± 22.83 (111)81.64 ± 19.14 (98)83.60 ± 14.68 (45)84.32 ± 12.70 (41)79.49 ± 19.70 (295)Mean EQ-VAS~real~74.91 ± 19.02 (114)81.78 ± 16.88 (101)83.47 ± 13.90 (45)84.10 ± 11.26 (41)79.75 ± 17.07 (301)EQ-VAS~real~ refers to the parents' actual current HRQoL and EQ-VAS~hypothetical~ to their HRQoL in the hypothetical scenario in which care tasks would be taken overData expressed as mean ± standard deviation (*n*) or percentages (*n*)In none of the groups, the differences in the means of both EQ-VAS scores were significant at the 0.05 level (paired-samples *t* test)

While the hypothetical score appeared not to differ significantly from the current HRQoL as indicated on the EQ-VAS, this appeared not to be the case for some subgroups (Table [5](#Tab5){ref-type="table"}). To examine the hypotheses mentioned above, the 294 parents who provided an answer to both scenarios were divided into three groups: 47 parents reported hypothetical scores greater than current scores (the difference averaging 11 points), while 222 parents reported no difference, and 25 parents reported hypothetical scores lower than current scores (the difference averaging 27 points). Generally, mothers, parents that had to forgo paid work or unpaid activities, parents of children suffering many symptoms and with a relatively low HRQoL (as reported by the parents), and parents with a relatively low HRQoL themselves (according to the EQ-VAS) were over-represented in the subgroup of people who claimed that their HRQoL would increase in the hypothetical scenario in which care tasks would be taken over. For example, as can be seen in Table [5](#Tab5){ref-type="table"}, of all parents who reported an increase in the hypothetical scenario 68% were mothers, as against 49% of the parents who reported no difference, and 60% of the parents who reported a decrease in the hypothetical scenario.Table 5Parents who indicated a HRQoL change in the hypothetical scenario versus those who did notGroup AGroup BGroup C*P* value^a^EQ-VAS~hypothetical~ \> EQ-VAS~real~ (*n*)EQ-VAS~hypothetical~ = EQ-VAS~real~ (*n*)EQ-VAS~hypothetical~ \< EQ-VAS~real~ (*n*)Difference EQ-VAS~hypothetical~ and EQ-VAS~real~ (mean)11.2 ± 8.5 (47)^b,c^0.0 ± 0.0 (222)^b,d^−27.2 ± 23.8 (25)^c,d^\<0.001Anomaly (% parents of ARM patients)79% (47)68% (222)84% (25)0.10Sex (% female parents)68% (47)^b^49% (222)^b^60% (25)0.04Mean child's age5.3 ± 3.4 (47)6.4 ± 2.9 (222)^d^4.6 ± 2.9 (25)^d^0.002Percentage parents taking care alone8.5% (47)5.0% (222)8.0% (25)0.56Percentage parents that gave up paid work15% (46)^b^3% (215)^b^12% (24)0.001No. of unpaid activities to spend less time on1.3 ± 1.7 (43)^b,c^0.2 ± 0.6 (212)^b^0.6 ± 1.1 (22)^c^\<0.001Mean monthly gross income^e^€ 2,857 ± € 1,600 (46)€ 2,996 ± € 1,290 (198)^d^€ 2,057 ± € 1,047 (23)^d^0.006Mean symptom score ARM^f^9.0 ± 3.1 (37)^b^5.9 ± 4.0 (150)^b^6.7 ± 3.2 (21)\<0.001Mean symptom score CDH^f^12.7 ± 8.5 (10)^b^6.3 ± 6.3 (72)^b^7.6 ± 6.2 (4)0.02Mean EQ-VAS (parent form)^f^75.3 ± 17.1 (47)^b^86.2 ± 13.4 (219)^b^83.0 ± 14.0 (24)\<0.001Mean difference EQ-VAS~real~ and EQ-VAS~gp~−16.0 ± 14.9 (47)^b^−3.8 ± 16.6 (222)^b^−9.6 ± 16.2 (25)\<0.001Mean difference EQ-5D and EQ-5D~gp~−0.08 ± 0.15 (46)^b^−0.01 ± 0.16 (222)^b^−0.10 ± 0.25 (22)0.003Data expressed as mean ± standard deviation (*n*) or percentages (*n*)*GP* general population^a^One-way analysis of variance (ANOVA) (for continuous variables) or chi-square test (for categorical variables)^b^Difference between group A and group B significant at the 0.05 level (Bonferroni post hoc test or Yates' corrected chi-square test)^c^Difference between group A and group C significant at the 0.05 level (Bonferroni post hoc test or Yates' corrected chi-square test)^d^Difference between group B and group C significant at the 0.05 level (Bonferroni post hoc test or Yates' corrected chi-square test)^e^Gross income from work was estimated on the basis of sex, age, and highest education \[[@CR65]\]. Income from social security benefits or capital was not taken into account. For all children who have two caregivers with paid work, the incomes of both caregivers were considered^f^While each parent (one or two) of a child had the opportunity to fill in a questionnaire on caregiving, the questions on symptoms and the EQ-VAS parent form were added only once and probably answered by one parent alone. Therefore, for some parents, this information might reflect their partner's opinion on their child's HRQoL

### EQ-VAS and EQ-5D compared with the general population {#Sec13}

We compared the parents' EQ-VAS and EQ-5D scores with those of the general population for two age classes of the parents of both patient groups (Table [6](#Tab6){ref-type="table"}). With the exception of the fathers aged between 25 and 34, the EQ-VAS scores of the parents of the ARM patients were statistically significantly lower than those of the general population. The HRQoL of the CDH patients' parents, by contrast, did not differ statistically significantly. Using the EQ-5D, the mothers' HRQoL scores turned out to be relatively low. However, by conventional statistical criteria, this difference was significant only for the mothers of ARM patients between 25 and 34 years of age (0.83 vs. 0.93 in the general population; *P* = 0.002).Table 6Parents' EQ-VAS and EQ-5D scores compared with the general populationAge classMean scores (*n*)Difference with the general population (95% confidence interval)ARM patients' parentsCDH patients' parentsARM patients' parentsCDH patients' parentsMothersFathersMothersFathersMothersFathersMothersFathersEQ-VAS25--3474.02 (44)85.15 (26)85.95 (19)86.42 (12)−12.80 (−17.71 to −7.88)^\*\*\*^−1.72 (−7.59 to 4.16)−0.87 (−5.58 to 3.83)−0.45 (−7.57 to 6.67)35--4476.35 (58)82.79 (56)82.18 (22)82.89 (28)−10.00 (−15.52 to −4.49)^\*\*\*^−4.02 (−7.68 to −0.37)^\*^−4.17 (−11.61 to 3.28)−3.92 (−8.36 to 0.53)EQ-5D25--340.83 (43)0.94 (26)0.86 (19)0.93 (12)−0.10 (−0.16 to −0.04)^\*\*^0.01 (−0.04 to 0.05)−0.07 (−0.17 to 0.02)0.00 (−0.07 to 0.07)35--440.90 (57)0.92 (55)0.87 (22)0.90 (28)−0.01 (−0.05 to 0.03)0.01 (−0.02 to 0.05)−0.04 (−0.14 to 0.06)−0.01 (−0.07 to 0.04)^\*^Significant at the 0.05 level (one-sample *t* test)^\*\*^Significant at the 0.01 level (one-sample *t* test)^\*\*\*^Significant at the 0.001 level (one-sample *t* test)

Even though the majority of the parents said that their HRQoL would not be different in the hypothetical scenario (Table [4](#Tab4){ref-type="table"}), the analyses showed that differences in means existed between the HRQoL of the parents and the general population (Table [6](#Tab6){ref-type="table"}). By doing a regression analysis, we have tried to explain the parents' relatively low HRQoL (Table [7](#Tab7){ref-type="table"}). Generally, the directions of the coefficients met our expectations, although the residual variance was rather large. Apparently, the most important variables explaining HRQoL differences were type of anomaly (i.e., ARM or CDH), symptom score, income, and the child's HRQoL as assessed on the EQ-VAS. In line with the hypothesis we made above, the differences between mothers and the general population could be explained better than those for fathers. For mothers, caregiving characteristics also better explained EQ-VAS differences than EQ-5D differences.Table 7HRQoL differences between parents and the general population explainedIndependent variables, standardized regression coefficients (Bêta)^a^Dependent variableMothersFathersDifference EQ-VAS and EQ-VAS~gp~Difference EQ-5D and EQ-5D~gp~Difference EQ-VAS and EQ-VAS~gp~Difference EQ-5D and EQ-5D~gp~(1) Congenital anomaly−0.21^\*\*^−0.01−0.050.02(2) Child's age−0.030.01−0.060.00(3) ARM symptom score−0.13−0.09−0.02−0.13(4) CDH symptom score0.03−0.10−0.05−0.18^\*^(5) Taking care alone or with a partner0.02−0.00−0.10−0.07(6) Having given up paid work0.070.010.020.06(7) Unpaid activities to spend less time on−0.04−0.080.02−0.02(8) Gross income0.110.20^\*^0.150.17(9) Child's health-related quality of life0.28^\*\*^0.080.24^\*\*^0.04Adjusted R^2^0.120.040.030.03*GP* general population^\*^Significant at the 0.05 level^\*\*^Significant at the 0.01 level^a^Besides a constant. Forced entry method (tolerance: 0.0001)

Finally, we estimated a restricted model, only including what seemed to be the most important independent variables (i.e., type of anomaly, symptom score, income, and the child's HRQoL). The Adjusted R Squares increased slightly (from 0.12, 0.04, 0.03, and 0.03 (see Table [7](#Tab7){ref-type="table"}) to 0.13, 0.06, 0.05, and 0.05, respectively).

Discussion {#Sec14}
==========

When adopting a societal perspective or a more narrow health care perspective in economic evaluations of health care interventions, the HRQoL effects in informal caregivers need to be taken into account. To date, few attempts to quantify these effects have been made. In this paper, we report on an evaluation done in a population of parents caring for children with major congenital anomalies, in an attempt to assess changes in caregivers' HRQoL specifically in relation to caregiving. Moreover, we investigated the impact of informal caregiving by comparing HRQoL of caregivers with that of the general population. Our findings emphasize the importance of investigating the position of informal caregivers when conducting economic evaluations and provide important lessons for the future.

Caregivers were shown to have a lower HRQoL than their counterparts in the general population. However, this result did not hold for some subgroups investigated, which implies that in this study, with the methods that we have used, effects on carers (either 'family effects' or 'caregiving effects') were not universal. In this respect, it should be noted that we included, where relevant, both parents of each child. They may not both be providing care (and thus experiencing the caregiver effect) to an equal extent, yet both parents may be expected to experience the family effect. The analysis might have shown stronger results if we had concentrated only on primary caregivers providing high levels of caregiving, thus experiencing both effects simultaneously. Besides, some parents may have come to perceive informal caregiving tasks as normal tasks and have difficulty to distinguish between their role as caregiver and a 'normal' parenting role. Furthermore, coping resources of the parents are likely to have affected the reported HRQoL \[[@CR49], [@CR50]\].

In view of these reflections, our findings suggest that the impact on primary caregivers may indeed be significant. Therefore, our study underlines the importance of considering caregivers, also in the context of economic evaluations. Moreover, it indicates that general HRQoL measures, as used in patients, may be able to detect HRQoL effects in caregivers. Using such outcome measures also facilitates the incorporation of HRQoL effects in common economic evaluations by, in principle, allowing the addition of HRQoL effects in caregivers to those in patients. Analysts and policy makers should therefore be aware that if HRQoL improvement is an important aim, they should register HRQoL changes not only in patients but also in their caregivers and perhaps even in their broader social environment. This, in turn, may alter the cost-effectiveness of treatments, as was also discussed by Basu and Meltzer---who also called attention to possible equity concerns, in the sense that including effects on others (such as caregivers and family members) may lead to differences between patients who have or do not have a partner, for example \[[@CR7]\].

In studies on the effects in caregivers, it should not be ignored that the results may partly depend on the setting. For example, in a parent--child relationship, caregiving is normal to some extent, although it diminishes with time, while this is less so in a partner relationship or a child--parent relationship. Moreover, in the context of parents caring for their children, caregivers are typically relatively young, which may result in other effects on HRQoL (and well-being) than when caregivers are older. Furthermore, it is good to emphasize the broader social context of caregiving. For example, in a parent--child relationship, caregiving for one child may lead to the deprivation of other children in the family because of parental inattention or too much early responsibility \[[@CR51], [@CR52]\]. Finally, the decisions to provide care or to cease caregiving (or: 'the endogeneity of caregiving and health' \[[@CR53]\]) will be made for different reasons in different settings, caused by different underlying mechanisms. Considering all this, an important area for future studies is to further unravel the influence of the relationship between caregiver and care receiver on the impact of caregiving. These issues have received little attention in the literature so far.

The EQ-5D was the instrument of choice in this study. Among its advantages are that it is a short, easily understandable questionnaire, and suitable for mail administration. Another advantage is that it includes all basic domains of HRQoL---psychological, physical, and social as well. So far, many studies have mainly focused on psychological health of caregivers. Studies of the physical health effects are less conclusive but suggest increased physical vulnerability \[[@CR54]--[@CR56]\]. Thus, it is desirable to adhere to a broadly defined HRQoL measure, without eliminating any domains in advance. Moreover, the EQ-5D, comprising the EQ-5D descriptive system and the EQ-VAS, has proven a reasonably valid instrument, also in people suffering from health problems that mainly affect specific dimensions of HRQoL \[[@CR57]--[@CR60]\]. The EQ-5D thus appeared an excellent starting point for attempting to quantify the HRQoL effects in caregivers. Nevertheless, more investigation into for example the sensitivity of different HRQoL instruments to these effects seems warranted. In that context, it is also important to note the social dimension of HRQoL. The EQ-5D captures (elements of) this social dimension by asking about problems with performing usual activities, such as work, study, housework, family, or leisure activities. This can be an important problem for caregivers as well. This is also recognized in the CarerQol instrument \[[@CR14], [@CR15]\], which for example asks about the quality of the relationship with the patient and the support from one's social environment in providing care. Finally, it needs emphasizing that by concentrating on HRQoL effects other, broader quality-of-life effects on caregivers have remained unmeasured, though they likely exist \[[@CR8], [@CR14]\].

HRQoL effects in caregivers may be due to caregiving (the 'caregiving effect') and to the presence of illness within their social environment (the 'family effect'). To assess the exact magnitude of HRQoL changes specifically due to caregiving, we asked informal caregivers to express how their HRQoL would be if they would not have to provide informal care for their ill child anymore and compared this to their actual HRQoL. Several explanations for the fact that most people did not indicate a HRQoL change in the hypothetical scenario need to be considered:Responders may find it difficult to recognize that HRQoL problems are related to caregiving and to estimate how their HRQoL would be affected if they did not have to provide care tasks. Some people may find it difficult to comprehend such a hypothetical question, anyhow. Alternatively, there simply may be no significant effects on HRQoL (apart from 'family effects');The fact that quite a number of parents (9%) indicated that their HRQoL would decline in the hypothetical scenario could mean that the responders feel uncomfortable about the questions and give protest answers. Also, some parents may not want others (perhaps strangers) caring for their child's health. Furthermore, it may suggest positive process utility derived from caregiving, such as feelings of gratification, self-confidence, and finding meaning in the care \[[@CR61]--[@CR63]\]. It is unclear to what extent this influences HRQoL, but one might argue that such a positive externality might be especially present in caring for one's child, although negative effects may still predominate.The instrument appears to detect changes in HRQoL particularly in situations in which caregiving is very demanding, as shown by Table [5](#Tab5){ref-type="table"}, which largely confirms our hypotheses on the combination of the two EQ-VAS scenarios. Only in these straining circumstances carers may actually experience HRQoL problems due to caregiving and be able and willing to report them. These issues also seem to have played a role in two studies from the literature that took a similar approach to assessing HRQoL or well-being effects in carers \[[@CR21], [@CR64]\]. Even though there were differences with our study: Davidson and colleagues asked carers about their HRQoL under the assumption that the health of their relative was so good that he or she would not need care, while Brouwer et al. asked the caregivers to rate their happiness under the assumption that all caregiving tasks would be taken over.

In general, while our results appear to indicate that directly asking responders to estimate their HRQoL in the hypothetical scenario of not providing informal care may provide some relevant information such as revealing relatively strained caregivers, it also indicates that it is unlikely to provide exact measurements of the HRQoL effects of providing informal care. For the latter purpose, direct measurement of HRQoL (changes) and comparisons with relevant counterparts in the general population seem more appropriate.

Interestingly, there was a moderately strong correlation between the EQ-VAS scores of the caregivers themselves and the EQ-VAS scores of the child as indicated by the caregivers (e.g., for all female caregivers: *r* = 0.42; *P* \< 0.001). This provides an important indication for a health-related 'family effect', which is worth pursuing in future studies. Obviously, the close relationship between how the parent perceives his or her child feels and how the parent experiences his or her own HRQoL may also be due to concurrent effects on the parent's and the child's HRQoL (e.g., environmental and genetic influences) and to the fact that parents in being proxies for their children's HRQoL may have been influenced by their own HRQoL.

Future research may furthermore be aimed at better explaining the differences in terms of HRQoL between caregivers and the general population. It should be realized, for example, that even caring for a healthy child could disrupt HRQoL. Ideally, therefore, reference values are derived from parents with healthy children, not the general population. In this experiment using the EQ-5D, such data were not available. Moreover, HRQoL of non-caregiving parents or relatives of ill individuals could be measured as an alternative way to distinguish 'family effects' from 'caregiving effects' on HRQoL. Worthy of note are two other studies that attempted to separate these two types of effects. Bobinac et al. used regression techniques (taking an approach similar to our analysis presented in Table [7](#Tab7){ref-type="table"}) to investigate to what extent the HRQoL or the well-being of caregivers can be explained by the patient's health (which would be indicative of the family effect) or the objective burden of caregiving (indicative of the caregiving effect) \[[@CR8], [@CR9]\]. Finally, it would be interesting to see whether informative subjective burden measures would better explain HRQoL differences than the more objective explanatory variables used here. It must be noted, however, that this can induce problems of endogeneity in the analysis. In terms of studying the influence of coping and adaptation, one could register people's ability to cope and coping strategies to estimate the influence on HRQoL in relation to caregiving. Aspects of caregiving such as benefits of caring and the influence of support can be measured through the CarerQoL instrument and linked to well-being effects as well as HRQoL effects \[[@CR14], [@CR15]\].

To conclude, present understanding of HRQoL effects of informal caregiving is still rudimentary. In this paper, we tested a simple and straightforward method to measure the HRQoL impact in informal caregivers for use in economic evaluations of health care interventions. We also identified several issues that could usefully be addressed by future research. The demand for informal care and its impact on families are expected to rise, because several acute diseases have increasingly become chronic diseases (with long-term morbidity and a continuing need for care) and because of current trends toward early hospital discharge and outpatient treatment. These trends hold true for pediatrics as well as for other branches of medicine \[[@CR24]\]. This makes it all the more important not to disregard the position of informal caregivers in future research efforts.
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